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Descripti n 

Background off the Invention 

5 [0001 1 This invention relates to aqueous inks for ink jet printers, and more partk;ularly. to aqueous ink jet inks con- 
taining a star polymer as an addrtive to improve optical density and waterfastness of ttie image printed with the Ink. 
[0002] Ink jet printing is a non-impact printing process in which droplets of ink are deposited on a sutsstrate such as 
paper or transparency film in response to an electronic signal. Lew cost and high quality of the output combined with 
relatively noise free operation, have made ink jet printers a popular option to other types of printers used with oomput- 

10 ers. 

[0003] Both dyes and pigments have been used as ink colorants for ink j^ printers. Pigments are more lightfast and 
waterfast and are more suitable for applications requiring nxMSture resistance and greater light st^ility. Pigmented inks, 
however, have their own cfisadvantages. The pigment cfispersion needs to be stable; i.e., resistant to flocculation and 
settling. Stabilization is typrcally accomplished by an non-Ionic technique, In which a polymer having a water soluble 

15 section that extends Into the aqueous vehicle arKl provides steric or entropic stabilization. Thus, the inherent waterfast- 
ness of pigments Is lost to some extent by the use of a water soluble polymer cfispersant. Also, pigmented Inks have 
poor chroma relative to dye based Inks and, thus, have not gained wide acceptance for demanding color applications, 
so called "photo quality" or "photo realistic" printing. Further, pigmented inks are prone to crust In the printhead orifices 
and form films on the printhead resistors, which negatively affect printhead performance. 

20 [0004] There exists a need for ink jet Inks which have good water resistance and smear fastness, good chroma, 
good print quality and good pen performance. In particular, with pigment based inks there is a need to maintain the sta- 
k>illty of the dispersion v^lle Improving waterfastness, optical density and chroma. 

Summary off the Invention 

25 

[0005] Applk:ant has found that Ink jet inks containing star polymer additives result In Improved waterfastness, 
chroma and optical density of an Image printed with the ink. Accordingly, the present invention provides an ink jet Ink 
comprising: 

30 (a) an aqueous vehicle; 

(b) a colorant; arxl 

(c) a star polymer additive. 

[0006] The inks of the invention are stable, have low viscosity, exhibit excellent print quality, provkie excellent smear 
35 resistance after drying and good decap or crusting time. They may l>e used with a variety of ink jet printers such as con- 
tinuous, piezoelectric, drop-on-demand and thermal or bubble jet drop-on<lemarKl, and are particulariy adapted for use 
in thermal ink jet printers. These Inks may also be useful in air txush printing devices. 

Detailed Description off the Invention 

40 

[0007] The Inverrtion provides an ink jet Ink corrposition which Is particularly suited for use In ink jet printers In gen- 
eral, and thermal Inkjet printers In particular. The Inkjet Ink corrposition Includes those having soluble colorants (ie.. 
dyes) and/or insoluble colorants (i.e., pigments and disperse dyes). These Inks are stable over long periods, both In 
storage and In tiie printer. The Inks may be adapted to the requirements of a particular Inkjet printer to provide a bal- 

45 ance of light stability, smear resistance, viscosity, surface tension, high optical density, and crust resistance. 

[0008] Aqueous vehicle The aqueous vehicle Is water or a mixture of water and at least one water soluble organic 
solvent Selection of a suitable mixture deperxis on requiren^nts of the specif k; application, such as desired suriace 
tension and viscosity, the selected colorant, drying time of the ink, and the type of sut)strate onto which the Ink will t>e 
printed. Representative water-soluble organic solvents that may be selected are disclosed in U.S. Patent 5,085.698. A 

50 mixture of water and a polyhydric alcohol, such as diethylene glycol, Is preferred as the aqueous vehicle. 

[0009] tf a mixture of water and a water-soluble solvent is used, the aqueous vehicle usually contains from about 
30% to about 95% water with the balance (i e., 70 to 5%) being the wat^-soluble solvent The preferred compositions 
are approximately 60% to about 95% water, based on the total weight of the aqueous vehfcle. The amount of aqueous 
vehicle in tiie ink Is In the range of approximately 70 to 99.8%, preferably 84 to 99.8%, based on total weight of the ink 

55 when the colorant Is a pigment and 80-99.8% when tiie colorant is a dye. 

[0010] Colorants The colorant may be a pigment, a dye or a mixture thereof. The pigments are Insoluble In th 
aqueous vehicle whereas the dyes can eHher be solubl or insolut}le In the vehlcl . th latter being referred to In the art 
and in this specification as "dispersed dyes". The term pigm nt as understood In the art arxi used herein, means a col- 
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orartt that remains in a particulate or crystalline state throughout the printing process. Dyes, however, are colorants that, 
at Sonne point in the printing process, l>ecome soluble. 

[001 1 1 Dves : Dyes useful in this inv ntion include anionic, cationic. amphoteric and non-ionic dyes. Such dyes are 
well known to those of ordinary skill in the art. Anionic dyes are those dyes which in aqueous solutfen yield colored ani- 

5 ons and cationic dyes are those which in aqueous solution yield colored cations. Typically anionic dyes contain cartxwc- 
ylic or sulfonic acid groups as the ionic moiety. Cationic dyes usually contain quaternary nitrogen groups. Amphoteric 
dyes may l>e anionic, catiorac or have tKrth charges as a function of solution pH. Certain non-ionic dyes have sufficient 
water solutMlrty to be used in aqueous inks. All types of dyes mentbned above are typically classified by their end use. 
Some of the more useful classes of dyes in this invention are Add, Basic, Direct. Food. Disperse, Mordant. Vat Solvent 

10 and Reactive dyes. 

[00t21 The cotor and amount of dye used in the ink conposition is largely a function of choice, being pnmanly 
dependent upon the desired color of the print achieved with the ink, the purity of the dye and its strength. Lew concen- 
trations of dye may not give adequate color vividness. High concentrations may result in poor printhead perfonnance or 
unacceptably dark colors. The dye is present in the amount of 0.01 to 20%. by weigjit, preferably 0.05 to 8%, by weight. 

15 more preferably 0.1 Id 9%, by weight, based on the total weight of the ink. 

[0013] Disperse Dves : Dispersed dyes are essentially dyes that have poor solubility in the aqueous vehicle. The 
color and amount of disperse dye used in the ink is largely a function of choice, being primarily dependent upon the 
desired color of the print achieved vnth the ink, the purity of the dye. and its strength. Low concentrations of dye may 
not give adequate color vividness. High concentrations may result in poor printhead performance or unacceptably dari^ 

20 colors. The disperse dye may be present in the amount of 0.01 to 20%, by weight preferably 0.05 to 8%. by weight, 
more preferably 1 to 5%, by weight based on the total weight of the ink. Disperse dyes that may be useful in this inven- 
tion are disclosed in U.S.5,053,495. U.S.5.203.912, U.S. 5,102.448, etc. 

[0014] Pi gment : In the prefen-ed embodiment of the present inventron, the colorant is a pigment Useful pigmente 
conprise a wide variety of organic and inorganic pigments, alone or in coiT4)ination. The pigment particles are suffi- 

25 dently small to permit free flow of the ink through the Inkjet printing device, especially at the ejecting nozzles that usu- 
ally have a diameter ranging from 10 micron to 50 micron. The parlide size also has an influence on the pigment 
dispersion stability, which is critical throughout the life of the ink. Brownlan motion of minute partldes will help prevent 
the partides from settling. It is also desirable to use small partldes for maximum color strength. The range of useful par- 
tide size is approximately 0.005 micron to 15 micron. Preferably, the pigment partide size shouW range from 0.005 to 

30 5 micron arxi most preferably, from 0.01 to 0.3 micron. 

[001 5] The selected pigment may be used in dry or wet form. For example, pigments are usually manufactured in 
aqueous media and the resulting pigment Is obtained as water wet presscake. In presscake form, the pigment is not 
aggregated to the extent that it is in dry form and thus take less processing time and effort Representative commercial 
dry and presscake pigments are known to those skilled in the art (see e.g., U.S. 5,085.698). 

35 [001 6] Rne partides of metal or metal oxides also may be used to practice the invention. For example, metal and 
metal coddes are suitable for the preparation of magnetic Inkjet inks. Rne partide size oxides, such as silica, alumina, 
titania. and the like, also may be selected. Furthermore, finely divided metal partides, such as copper, iron, steel, alu- 
minum and alloys, may be selected tor appropriate applications. 

[001 7] DIspersant The function of the dispersant is to fadlitate the incorporatton of the insoluble cotorants (i e., pig- 
40 ments and dispersed dyes) into the aqueous vehide. Most preferred are the polymeric d'lspersants. Polymeric disper- 
sants may be random a structured polymeric dispersants. examples of the latter induding AB. BAB and ABC bk)ck 
copolymers, branched polymers and graft pdymers. Structured polymer dispersants are preferred. AB block copolymer 
dispersants and the synthesis thereof are disdosed in US 5.085.698. ABC tribk>ck polymers useful in preparing pig- 
ment dispersions are disdosed in EP 0 556 649 A1. Some useful graft polymer dispersants are disdosed in U.S. 
45 5.231.131. 

[001 8] The amount of the dispersant used depends on its strudure. molecular weight, other properties of the dis- 
persant and the other conponents of the ink. The dispersant polymers selected in practidng the invention have a 
number average molecular weight in the range of 1 ,000 to 40,000. preferably 1 ,000 to 20,000, and typically in the range 
of 2.000 to 10.000. Generally speaking, the polymeric dispersant are present in the amount of 0.1 to 25%. preferably 

50 0. 1 to 8% by weight based on the total weight of the ink composition. If ttie anxxjnt is too higji it vinll be difficult to main- 
tain the desired ink viscosity. Dispersion stability will be adversely affected if insuff'ident polymer is present. 
[0019] Star polvmer additive : The star polymer additives useful in thte invention are characterized as highly 
branched polymers with linear arms radiating out from a central core. Star polymers are a distinct type of polymer and 
their name is derived from their appearance - they look like a star. i.e.. a plurality of arms outwardly radiating from a 

55 central point. The radial or drcular appearance of star polymers distinguishes them from linear polymers like branched 
and graft polymers, which comprise linear backbones and linear arms. Dendrite polymers and microgels hav an 
appearance similar to star polym rs. However, dendrite polymers hav branched arms whereas star polymers have lin- 
ear amis. Star polymers differ from microgels In the mass distribution. In star polymers, tiie core comprises less than 
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50% of the total weight of the polymer, whereas in miaog Isth cor isatleast50%of the total weight. 
[0020] The core of the star polymer may be one atom, a small molecule, or a quasi-spherical structure and com- 
prises less than 50% by weight of the total weight of the star polymer. Examples of cpjasi-spherical structures that can 
be used as the core of a star polymer are (a) branched polymers derived from nfK)lecules that contain difunctional C=C 
5 polymerizable groups; (b) branched polymers derived from a combination of nrwlecules that contain both mono and 
difunctional C=C polymerizable groi4>s; or (c) a condensation polymer. Star polymers with condensation polymers as 
the core are also referred to as "hybrid" star polymers. 

[0021] The linear arms of the star polymers may be composed of monomers which have a C:=C polymerizable 
group and include but are not limited to acrylates, methacrylates. styrene. alphamethyl styrene, dienes, and nK>no-ole- 
10 fins. The linear arms may also contain functional groups which can solubilize or dsperse the stars in the aqueous sol- 
vent blends. The functional groups include, but are not limited to cartxjxyls. sulfates, amines, quaterniary groups, poly- 
ethyleneoxldes groups, poly-propyleneoxide groips, and their salts. 

[00221 Some useful acrylic star polymers are disclosed in U.S. 4.659,782, 4.659.783, 4.695.607, 4.746.714. 
4.794.144 and 4,810,756. Some useful hybrid acrylic star polymers are cfisdosed in U.S. 4.847.328 and 4.851 ,477. The 
15 disclosures of these references are incorporated herein t>y reference. Particularly prefenred star polymers and their 
method of preparation are disclosed in the examples t>elow. 

[0023] The star polymer additive may be present in the amount of 0.5 to 20% by weight, preferat)ly 1 to 10% t^y 
weight, based on the total weight of the ink composition. The examples below demonstrate the smear resistance prop- 
erty of the images printed with inks containing these star polymer additives. 

20 

Other Ingredients 

[0024] The ink may contain other ingredients krxywn to those skilled in the art. For example, surfactants may be 
used to alter surface tension of the inks as well as maximize penetration of the ink into the sid>strate (to improve drying). 
25 Ktowever, surfactants may also destabilize the pigment dispersion for pigmented inks. The choice of a specific surfactant 
is also highly dependent on the type of sut>strate to be printed. Appropriate surfactants are readily selected for the spe- 
cific substrate to be used in printing. In aqueous inks, the surfactants may be present in the anrK>unt of 0.01 to 5% and 
preferably 0.2 to 2%, t>ased on the total weight of the ink. 

[0025] Biocides may be used in the ink compositions to inhibit growth of microorganisms as is well known in the art. 
30 In addition, sequestering agents such as EDTA may also be included to eliminate deleterious effects of heavy metal 
impurities. Other known additives, such as humectants. viscosity modifiers and other acrylic or non-acrylic polymers 
made also be added to improve various properties of the ink corrpositions. 

Ink Properties 

35 

[0026] Jet velocity, separation length of the droplets, drop size, and stream stability are greatly affected by the sur- 
face tension and the viscosity of the ink. Pigmented Inkjet inks suitat)le for use with Inkjet printing systems shouki have 
a surface tensk>n in the range of atx>ut 20 dyne/cm to atxxit 70 dyne/cm and, more preferattly, in the range 30 dyne/cm 
to about 70 dyne/cm. Acceptable viscosity are no ^eater tfran 20 cP, and preferably in the range of afcxHJt 1.0 cP to 

40 about 10.0 cR The ink has physical properties compatible with a wkle range of ejecting condtions. I.e.. driving voltage 
and pulse wkfth for th^mal ink jet printing devices, driving frequency of the piezo elemerrt for either a drop-on-demand 
devk;e or a continuous de^nce, and the shape and size of the nozzle. Th^ may be used with a variety of ink jet printers 
such as continuous, piezoelectric drop-on-demand and thermal or bubble jet drop-on-demand, and are particularly 
adapted for use in thermal Inkjet printers. The inks have excellent storage stability for a long perkxJ and do not dog in 

45 an ink jet apparatus. Rxing the ink on the image recording material, such as, paper, fabric, film, etc., can be carried out 
rapidly and accurately. 

[0027] The printed ink images have dear color tones, high density, excellent water resistance and lightfastness. 
Furthermore, the ink does not corrode parts of the ink jet printing device it comes in contact with. 

50 EXAMPLES 

[0028] The invention will now be further illustrated by. but not limited to, the following exanples, in whk;h parts and 
percentages are by weight unless otherwise noted. 

55 Star Polymer 1 : 

[0029] This shows how to prepare a star of BM A/MAA//EGDMA with a core of 4 DP units of EGDMA and arms of 
Mn = 5000. 
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[0030] A 3-liter flask was equipped with a mechanical stirrer, tiiermometer, N2 inlet, drying tube outlet, and addition 
funneb. Tetrahydrofuran (THF^. 1149 grams, mesitylene, 5.0 grams, and initiator. 1.1-bis(trimethylsilax^-2-melhyl 
propwe, 38 grams (0.1 6 M) was charged to the flask. The catalyst, tetrabutyl ammonium nrhchlorobenzoate. 1 .0 gram 
of a 1.0 M solution in acetonitrile was injected. Feed 1 [tetrabutyl ammonium m-chtorobenzoate, 1.6 grams of a 1.0 M 

5 solution in acetonitrile], and THF. 6.2 grams, was started and added over 250 minutes. Feed II was trimethylsilyl meth- 
acrylate f^S-MAAl, 295 grams (1.87 M). and butyl methacrylate ("BMA^, 641.2 grams (4.52 M). It was started at 
0.0 minutes and added over 45 minutes. One hundred and tiiirty minutes after Feed I was completed. Feed III, ethylene 
glycol dmethacrylate fEQDMA'*). 130 grams (0.66 M). was started and added ever 10 minutes. 
[0031 ] 1 77 grams of dry methanol were added to the above solution and distillation was t>egun. During distillation 

10 an additional 1 78 grams of dry methanol were added. The addition of methanol deblocked the TMS-MAA and convened 
It into methacrylic acid f MAA*). During the distillation 1 207 grams of material were removed from tiie flask. 1 -Methyl-2- 
pyrrolidinone ("NMP"). 1307 grams was added. This made a BMA/MAA//EGDMA 69/17//14 star at 32.7% solids with 
arms that have a Mn = 5000. The above star polymer was then neutralized (90%) by adding potassium hydroxide (23.75 
grams of 45% solution) and deionized water (1 13.73 grams) to the polymer solution (305.72 grams) until a homogene- 

15 ous solution was obtained. The material was approximately 25% solids. 

Star PDtvmer 2: BMA/MAA//EGDMA 63/16/y21 star 

[0032] This shows how to prepare a star of BMA/M AA//EGDMA 63/1 6^/21 witii a core of 6 DP units of EGDMA and 
20 arms of Mn = 5000. 

[0033] The same procedure was used as above except Feed II was 589.6 grams (4.15 M) of BMA and 270.8 grams 
(1 .71 M) of TMS-MAA. and Feed III was 195 grams (0.98 M) of EGDMA. This made a BMA/MAA//EGDMA 63/16//21 
star at 32.7% solids with arms that have a Mn = 5000. The polymer was ttien neutralized wrtti potassium hydroxide as 
atx>ve. The final solids of the neutralized polymer solution was 25% solid. 

25 

Star Polymer 3: BMA/MAA//EGDMA 60/26//14 star 

[0034] This shows how to prepare a star polymer of BMA/MAA//EGDMA 60/26^/14 with a core of 4 DP units of 
EGDMA and arms of Mn = 5000. 
30 [0035] The same procedure was used as for Star Polynner 1 except Feed II was 564.2 grams (3.97 M) of BMA and 
442.2 grams (2.8 M) of TMS-MAA. This made a BMA/MAA//EGDMA 60f26/n 4 star at 32.7% solids with arms that have 
a Mn = 5000. The polymer was then neutralized with potassium hydroxide as above. The final solids of tiie neutralized 
polymer solution was 25% solid. 

35 Star Polymer 4: BMAA)MAEMA//EGDMA 75/197/6 star 

[0036] This shows how to prepare a star polymer of BMA/DMAEM A/EGDMA 75/1 9/6 with a core of 3.4 DP units of 
EGDMA. 

[0037] A 3-liter flask was equipped with a mechanical stirrer, themKxneter, N2 inlet, drying tube outiet. and addition 
40 funnels. THF, 1149 grams, mesitylene, 1.2 grams, and initiator. 1-melhoxy-1-trinnethyIsiloxy-2-methyl propene, 13.4 
grams. (0.08 M) was charged to the flask The catalyst, tetratxjtyl ammonium m-chlorobenzoate. 0.4 ml of a 1 .0 M solu- 
tion in acetonitrile was irijected. Feed I was composed of dimethylaminoethyl methacrylate ("DMAEMAl. 152 grams. 
(0.97 M) and BMA, 608 grams (4.28 M). It was started at 0.0 minutes and added over 45 minutes. Sixty-five minutes 
after Feed I was completed. Feed II. EGDMA. 52.6 grams (0.27 M), was started and added over 10 minutes. One hun- 
45 dred minutes after completion of Feed II. 20.2 grams of methanol were added and distillation begun. During distillation 
500 grams of material were renncved from the flask. Isopropanol, 501 grams, was added. This made 
BMA/DM/VEMA//EGDMA 75/1 9//6 Star at 41 .4% solid with arms that have a Mn = 10,000. 

[0038] The star polymer was then quatemized with benzyl chloride as follows. A 3-liter flask was equipped with a 
mechanical stirrer, thenmometer. fsl2 inlet drying tube outiet. and addition funnels. The star polymer solution, 1976 
50 grams (0.98 M of amine), was charged to the flask. Benzyl chloride. 1 10 ^ams (0.87 M) was added over 30 minutes. 
The polymer solution was ten heated to r^lux for 6 hours. The amine value drops from 1.18 milliequivalents of 
amine/gram of sdki polymer to 0.26 milliequivalents of amine/gram of polymer. The polymer solution was 42% solid 
after quatemization. 

55 Star Polymer 5: BMAA3MAEMA//EGDMA 58.2g5//16.8 star 

[0039] Th procedure for Star Polymer 1 was repeated except Feed 1 was composed of 228.2 grams of DMAEMA 
and 532.2 grams of BMA. This made a BMA/DMAEMA//EGDMA 58.2/25//16.8 star at 41 .4% solid witfi amis that hav 
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a Mn = 10.000. The polymer was then quaternized as in Star Polym r 4. Percent solids after quaternization are 42%. 
Star Potymer 6: BMA/DMAEMA//EGDMA 56/377/7 star 

5 [0040] The procedure used for Star Polymer 1 was repeated except Feed 1 was 304.2 grams of DMAEMA and 
456.6 grams of BMA. This made a BMA/DMAEMA//EGDM A 56/37//7 star at 41 .4% solid with arms that have a Mn = 
10.000. TTie polymer was then quaternized as in Star Polynrer 4. Percent solids after quaternizalion are 42%. 

Star Pftivmer 7: 7 BMA/DMAEMA//EGDM A 37/56//? star 

10 

[00411 The same procedure was used as in Star Polymer 1 except Feed 1 was composed of 457 grams of 
DMAEMA and 303.6 grams of BMA. This made a BMA/DM AEMA//EGDM A 37/56//7 star at 41 .4% solids with arms that 
have a Mn = 10,000. The polymer was then quaternized as in Star Polymer 4. Percent solids after quaternization are 
42%. 

IS 

papriom Pfttyn^r 1 : BMA/DMAEMA 80/20 

[0042] This shows how to prepare a linear random polymer composed of BMA/DMAEMA 80/20. 
[0043] A 3-liter flask was equipped with a mechanical stirrer, thermomeier, Isl2 inlet, drying tube outlet and addition 
20 funnels. Tetrahydrofuran. 960 grams, mesrtylene. 1.09 grams and initiator, l-methcxy-l-trimethylsilQxy-2-methyl pro- 
pone. 1 5.7 grams (0.1 0 M) was charged to the flask. The catalyst, tetralxrtyl ammonium m-chlorobenzoate, 0.4 ml of a 
1.0 M solution In acetonitrile was injected. Feed 1 was composed of DMAEMA. 192 grams, (1.22 M) and BMA, 768 
grams (5.41 M). It was started at 0.0 minutes and added over 40 minutes. 

[0044] At 150 minutes. 21 grams of dry methanol were added to the akxjve solution and distillation begins. A total 
25 of 422 grams of solvent were removed, l-propanol, 422 grams, was added after completion of the distillation. This made 
a BMA/DMAEMA 80/20 linear polymer at 49.5% solids and a Mn = 10,700. 

[0045] The polymer was then neutralized with benzyl chtorkJe as follows: A 3-liter flask was equipped with a 
mechanical stirrer, thermometer. N2 inlet, drying tube outlet, and addition funnel. 2098 grams of the Random Polymer 
1 solution (1 32 M of amine), was charged to the flask Benzyl chloride. 1 39 grams (1 .09 M) was added over 30 minutes. 
30 The polymer solution was then heated to reflux for 9 hours. The amine value drops from 1.17 milliequivalents of 
amine/gram of solid polymer to 0.1 65 milliequivalents of amine/gram of solid polymer. Solids after neutralization Is 45%. 

Random Pohymer 2: BMA/DMAEMA 60/40 

35 [0046] The same procedure was used as in Random Polymer 1 except Feed 1 was composed of 576.8 grams of 
BMA and 385.4 grams of DMAEMA. This made a BMA/DMAEMA 60/40 linear polymer at 49.5% solids and a Mn = 
10.700. The polymer was quaternized as in Random Polymer 1 . Solids after quaternizalion were 45%. 

Random Poivmer 3: BMA/DMAEMA 40/60 

40 

[0047] The same procedure was used as in Random Polymer 1 except Feed 1 was composed of 384 grams of BMA 
and 576 grams of DMAEMA. This made a BMA/DMAEMA 40/60 linear polymer at 49.5% solids and a Mn = 10.700. The 
polymer was then quatemized as above. Solids after quaternization are 45%. 

45 Disoersant Polymer 1 : BMA/MMA//MAA 10/5//10 

[0048] This shows the preparation of a BM/\/MMA//M/\A 1 0/5//1 0 dfljlock polymer. 

[0049] A 1 2-liter flask was equipped with a mechanical stirred, thermometer. N2 Inlet, drying tube outlet, and addi- 
tion funnels. THF. 3045 grams, mesrtylene, 9.12 grams, and the initiator, 1,1-bis (trimethylsiloxy)-2-metyl propane. 

50 232.7 grams (1 .0 M) was charged to the flask. The catalyst, tetrabutyl ammonium m-chlorobenzoate, 2.5 ml of a 1 .0 M 
solution in acetonitrile was injected. Feed I was composed of the catalyst, tetrabutyl ammonium m-chlorobenzoate. 2.5 
ml of a 1 .0 M solution in acetonitrile, and THF, 10.0 grams. Feed I was started at t= 0.0 minutes and added over 240 
minutes. Feed 1 1 [TMS-MA. 1582 grams (10.0 M)] was started at t = 0.0 minutes and added over 30 minutes. One hun- 
dred and fifty minutes after Feed II was completed (over 99% of the monomers had reacted) Feed III [BMA. 1418.5 

55 grams (10.0 M). and MMA 499.1 grams (5.0 M)]. was started and added over 30 minutes. At 400 ntinutes. 645 grams 
of dry methanol were added to th above solution and distillation begun. A total of 2756 grams of solvent was reiTx>ved. 
l-propanol. 1271 grams was added after completi n of th distillation. This made a BMMAMPJfMAA 10/5//10 diWock 
polym r at 48.7% solids and a Mn = 3000. 
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DIs persant Potvmer 2: BZMA//DMAEMA 10//20 

[0050] TTiis shows the preparation of a BZMA//DM AEM A 1 0//20 diblock polymer. 

[0051] A 12-liter flask was equipped with a mechanical stirrer, thernrK)meter. fvl2 inlet, drying tiA>e outlet, and addi- 
5 tion funnels. THF, 3998 grams, mesityiene. 7.4 grams, and th Initiator, 1 -methoxy-1 -trimethylsiloxy-2-methyl propene, 

1 55.1 grams (0.89 M), was charged to the flask. The catalyst, tetratxityl ammonium m-chlorobenzoate, 2 grams of a 1 .0 

M solution In acetonitrile was ir^ected. Feed I. DMAEMA. 2800 grams (17.83 M) was started at 0.0 minutes and added 

over 48 minutes. Eighty minutes after Feed I w^ completed (over 99% of the monomers had reacted), Feed II, t>enzyl 

methacrylate f BZMA'0, 1568 grams (8.91 M) was started and added over 30 minutes. 
10 [0052] At 345 minutes, 315 grams of dry methanol was added to the atx>ve solution and distillation begun. A total 

of 1726.2 grams of solvent were removed, l-propanol, 1780 grams, was added after completton of the cfistillation. This 

made a BZI^A//DMAEMA 10/y20 diblock polymer at 49.1% solids and a Mn = 5000. 

Dispersaitt Polvmer 3: B ZMA//DMAEMA 5//1Q 

15 

[0053] This shows the preparation of a BZMA//DM AEM A 5//1 0 diblock polymer. 

[0054] A 5-liter flask was equipped with a mechanical stirrer, themrx>meler, N2 inlet, drying tul>e outlet, and addition 
funnels. THF, 1217 grams, mesityiene, 5.6 grams, and the initiator, 1-methQKy-1-trimelhylsiloxy-2-methyl propene, 
130.9 grams (0.75 M), was charged to the flask. The catalyst, tetrabutyl ammonium m-chbrobenzoate. 1 .0 gram of a 

20 1 .0 M solution In acetonitrile was injected. Feed I, was composed of catalyst, tetrabutyl ammonium nvchtorobenzoate, 
1 .0 gram of a 1 .0 M solution In acetonitrile. and TMF. 4.4 grams. Feed I was started at t = 0.0 and added over 200 min- 
utes. Feed II, was composed of DMAEMA, 1 1 71 grams (7.46 M). Feed II vras started at t = 0.0 and added over 40 min- 
utes. Eighty-five minutes after Feed II was completed. Feed III. BZMA, 651 grams (3.70 M). was started and added over 
30 minutes. One hundred and seventy minutes after completion of Feed III, 330 grams of methanol were added and 

25 distillation begun. During distillation 1875 grams of solvent were removed fomn the flask, l-propanol, 480 grams was 
added. This made a BZMA//DMAEMA 5//10 diblock polymer at 68.2% solid and a Mn = 2500. 

Pigment Dispersion 1 : 

30 [0055] This shows the preparation of a black pigment dispersion using a BMA/MM A//M AA 1 0/5/AI 0 dibkx^k polymer. 



Ingredient 


Amount (gm) 


DIspersant Polymer 1 


205.34 


FW-18 black pigment (Degussa Corp.) 


200.00 


Diethylene glycol 


100 


Isopropanol 


450 



[0O56] The above Ingredients were mixed and the mixture was then charged Id a 2 roll mill and processed for 20 
45 minutes. This made a pigment dispersion that contained 66.7% pigment and 33.3% polymer (I.e., it had a pigment-to- 
dispersant ratio TP/DT of 2/1). The 2 roll mill chip, 70 grams, was then dissolved using 8.5 grams potassium hydroxide 
(45.5% solids), as the neutralizing agent and then diluted with 321 grams of deionized water to make an aqueous pig- 
ment concentrate that contained 10% pigment and 2.5% diethylene glycol. 

50 Pigment Dis j aersion 2 : 

[0057] 



Ingredient 


Anxwrrt (gm) 


DIspersant 2 


203.8 
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(continued) 



Ingredient 


AnrKXjnt (gm) 


Heliogen Blue 7072D (Cyan Pigment Blue 15:3) 
Isopropanol 


200 
50 



[0058] The above ingredients were mixed and the mixture was then charged to a 2 roll mill and processed for 60 
minutes. This made a pigment dispersion that contained 66.7% pigment and 33.3% polymer p.e.. it had a pigmerrt-to- 
dispersant ratio ("P/DT of 2/1). The 2 roll mill chip, 60.6 grams, was then cfissolved using 8.22 grams phosphoric acid 
as the neutralizing agent and then diluted with 331 grams of deionized water to make an aqueous pigment concentrate 
that contained 9.71% cyan pigment. 

Pigment Dispersion 3: 

[0059] 



Ingredient 


Annount (gm) 


Dispersant2 

Irgalite Yellow BL (Yellow 13) 


611.4 
300 



25 

[0060] The above ingredients were mixed and the mixture was then charged to a 2 roll mill and processed for 30 
minutes. This made a pigment dispersion that contained 50% pigment and 50% polymer (P/D = 1/1 ). The 2 roll mill chip, 
81.2 grams, was then dissolved using 16.43 grams phosphoric acid as the neutralizing agent and then diluted with 
302.37 grams of deionized water to make an aqueous pigment concentrate that contained 10.2% yelkw pigment 

30 

Pigment Dispersion 4A : 
[0061] 



Ingredient 


AnfK>unt (gm) 


Dispersant 2 


242 


Paul Uhlich Rhodamine Y Toner V-1 (Vblel 1) 


180 


Diethylene glycol 


35 


Isopropanol 


40 



45 

[0062] The atxyve ingredients were mixed and the mixture was then charged to a 2 roll mill and processed for 30 
minutes. This made a pigment dispersbn that contained 60% Pigment and 40% polymer (PD = 1.5/1). The 2 roll mill 
chip. 72.95 grams, was then dissolved using 10.96 grams phosphoric add as the neutralizing agent and then cfiluted 
with 31 6.09 grams of deionized water to make an aqueous pigment concentrate that contained 9.48% pigment 
50 [0063] After neutralization and dilution Pigment Dispersion 4A was agitated for 1 20 minutes on a paint shaker. Fol- 
lowing agitation, the sample was processed for 60 minutes at 3500 rpm in a minimill then filtered through Sparkler "C" 
paper. This gave a pigment concentrate that contained 9.48% violet pigment. 



55 
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Pigment Dispersion 4B : 
[0064] 

5 



Ingredient 


Amount (gm) 


Dispersant 2 


242 


BASE Fanal Pink D4810 (Pigment Red 169) 


180 


Diethylene ^ycol 


35 


Isopropanol 


60 



IS 

[0065] The above ingredients were mixed and the mixture was then charged to a 2 roll mill and processed for 30 
minutes. This made a pigment dispersion that contained 60% Pigment and 40% polymer (P/D) = 1 .5^1). The 2 roll mill 
chip, 75.16 grams, was then dissolved using 10.96 grams phosphoric acid as the neutralizing agent and then diluted 
with 313.88 grams of debnized water to vnaka an aqueous pigment concentrate that corttained 9.52% pigment 
20 [0066] After neutralization and dilution. Pigment Dispersion 48 was agitated for 1 20 minutes on a paint shal^r. Fol- 
lowing agitation, the sample v^s processed lor 60 minutes at 3500 rpm in a minimill then fatered through Sparkler "C 
paper. This gave a pigment concentrate that contained 9.52% red pigment 

Pigment Dispersion 4C : 

25 

[0067] 



Ingredient 


Amount (gm) 


Dispersarrt 2 

Sunfast Magenta R-122 (60% solid) (Pigment Red 122) 
Dietfiylene glycol 


242 
300.5 
50 



[0068] The akxive ingredients were mixed and the mixture was then charged to a 2 roll mill and processed for 40 
minutes. This m^e a pigment dispersion that contained 60% Plgmerrt and 40% polymer (P/D = 1 .5/1). The 2 roll mill 
chip, 71 .25 grams, was then dissolved using 10.96 grams phosphoric acid as the neutralizing agent and then diluted 
40 with 31 7.79 grams of deionized water to make an aqueous pigment concentrate that contained 1 0.55% red (magenta) 
pigment. 

[0069] After neutralization and dilution. Pigment Dispersion 4C was agitated for 1 20 minutes on a paint shaker. Fol- 
lowing agitation, the sarrple was processed for 60 minutes at 3500 rpm in a minimill then f Dtered through Sparkler '*C'* 
paper. This gave a pigment concentrate that contained 10.55% red (magenta) pigment 

45 

Pi gment Dis p e r s i o n $ : 
[0070] 

so 



Ingredient 


/Amount (gm) 


Dispersant 3 
FW-18 

Diethyl ne glycol 


146.63 

200 

100 
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(oominued) 



Ingredient 


Amount (gm) 


Isopropanol 


475 



5 

[0071 ] The at>Gv ingredients wer mixed and th mixture was th n charged to a 2 roll mill and processed for 25 
minutes. This made a pigment dispersion that contained 56.03% pigment and 28.0 1% polymer (i e., it had a pigment- 
to-dispersant ratio f P/D^ of 2/1). The 2 roll mill chip. 71 .4 grams, was then dissolved using 8.6 grams phosphoric acid 
(86.1% solids) as the neutralizing agent and then diluted with 320 grams of deionized water to make an aqueous pig- 
10 ment concentrate that contained 10.1 4% black pigment and 2.89% diethylene glycol. 

[0072] Ink Preparation: A series of inks having the following compositions were made: 



15 



20 



25 



30 



35 



40 



45 



50 
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Sample 


Disp 
No, 


Dent 
rsion 
Amt 


LEG' 


DEC' 


TMP" 


Bint 
Type* 


ler 
Amt. 


Water 


Control 1 




35 


3.0 


6:i3 








55.87 


Ink 1 




35 


3.0 


6.13 




SPl 


4.0 


51.87 


Ink 2 




35 


3.0 


6.13 




SP2 


4.0 


51.87 






35 


3.0 


6.13 




SP3 


4.0 


51.87 


Ink 4 


— J — 


35 


3.0 


6.13 




SP] 


20.0 


35.87 


fnk 6 


— J — 


35 


3.0 


6.13 




SP2 


20.0 


35.87 


Ink 6 


— j — 


35 


3.0 


6.13 




SP3 


20.0 


35.87 


Control! 




20.0 


3.0 


6.5 








70.5 


Ink? 


1 


20.0 


3.0 


6.5 




SPl 


12 


58.5 


inK o 




on n 
zu.u 


"X ft 






SP2 


12 


58.5 


InK y 


— ' — 


9ft 0 
Zl;.v 


'X ft 


6 S 




SPl 


20 


50.5 


inK lu 


, — j — 


Zu.u 


ft 






SP2 


20 


50.5 


(jontFoi J 


*> 


1 j.*tj 






18.0 






66.55 


contro] 4 


J 


Z".*rl 






18.0 






52.59 


Control 5 


4A 
4B 


5.27 
10.5 






18.0 






61.49 


inK 1 i 


Z 








18.0 


SP4 


7.14 


59.41 


Ink 12 


Z 


1 S dS 






\% 0 


SP5 


7.14 


59.41 


Ink 13 


Z 


1 S dS 






18 0 


SP6 


7.14 


59.41 


ink 14 


■5 

3 


90 d1 

Z7.HI 






18.0 


SP6 


7.14 


45.45 


Ink \o 


AS. 
4A 

43 
4C 


S 97 

10.5 
4.74 






18.0 


SP6 


7.14 


54.35 


Pnntml 6 


5 


34.52 


3.0 


6.0 








56.48 


Ink 16 


5 


34.52 


3.0 


6.0 




RPl 


2.22 


5426 


Ink 17 


5 


34.52 


3.0 


6.0 




RPl 


6.67 


49.81 


Ink 18 


5 


34.52 


3.0 


6.0 




RPl 


11.11 


45.37 


Ink 19 


5 


34.52 


3.0 


6.0 




RP2 


2.22 


54.26 


Ink 20 


5 


34.52 


3.0 


6.0 




RP2 


6.67 


49.81 


Ink 21 


5 


34,52 


3.0 


6.0 




RP2 


11.11 


45.37 


Ink 22 


5 


34.52 


3.0 


6.0 




RP3 


2.22 


5426 


Ink 23 


5 


34.52 


3.0 


6.0 




RP3 


6.67 


49.81 


Ink 24 


5 


34.52 


3.0 


6.0 




RP3 


11.11 


45.37 


Ink 25 


5 


34.52 


3.0 


6-0 




SP4 


2-5 


53,98 


Ink 26 


5 


34.52 


3.0 


6,0 




SP4 


7.5 


48.98 


Ink 27 


5 


34.52 


3.0 


6.0 




SP4 


12.5 


43.98 


Ink 28 


5 


34.52 


3.0 


6.0 




SP6 


2.5 


53.98 


Ink 29 


5 


34.52 


3.0 


6.0 




SP6 


7.5 


48.98 
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Ink 30 


5 


34.52 


3.0 


6.0 




SP6 


12.5 


43.98 


Ink31 


5 


34.52 


3.0 


6.0 




SP7 


2.5 


53.98 


Ink 32 


5 


34.52 


3.0 


6.0 




SP7 


7.5 


48.98 


Ink 33 


5 


34.52 


3.0 


6.0 




SP7 


12.5 


43.98 



Notes: 

1 , LEG = Liponics® EGA , Lipo Chemical Co., Patterson, NJ 

10 2, DEG = diethylene glycol 

3. TMP = trimethylolpropane 

4. Binder type is identified as bdng either a star polymer <"SP") or a 
random polymer CRP'O* followed by the number from the 

IS preparations described above* 



20 Testing: 

[0073] Optical Densrtv : The optical density of a printed image was determined using various of tfie sample inks. 
Optical density was measured using a Macbetfi Densitomiter. Tfie Inks were printed with a Hewlett-Packard Deslqet® 
500C ink jet printer. 





Sample 


% Polymer Addition 


% Pigment 


Optical Density 


30 


Control 1 


0 


3.5 


1.10 


Control 2 


0 


2 


0.95 




Ink1 


1 


3.5 


1.20 




Ink 2 


1 


3.5 


1.25 


35 


Inks 


1 


3.5 


1.20 




Ink 4 


5 


3.5 


1.65 




Inks 


5 


3.5 


1.40 


40 


Ink 6 


5 


3.5 


1.55 




Ink 7 


3 


2 


1.20 




Inks 


3 


2 


1.25 




Ink 9 


5 


2 


1.40 


45 


Ink 10 


5 


2 


1.45 



[0074] The above data indicates tfial tfie addition of star polymer increased the optical density of the printed Image. 
The increase was sufficient to maintain optical density even when the pigment concentration of the ink was reduced 
50 from 3.5% to 2.0%. This would enable one to formula inks with lower pigment content, which is expected to improve the 
stability of the ink. 

[0075] Waterfastness : To test waterfastness. a series of 1/4 inch wide lines were printed. Five milliliters of water 
were dripped across tiie lines and the optrcal density of the washoff was measured. Waterfastness was measured 1 
hour, and 24 hours after printing. Optical density of the washoff was measured with a Hunter Lab LS5100. Ill c and a 
55 0/45 source/View. A lower optical density of the washoff (reported in miili optical density units or "mOD") indicates better 
waterfastness properties. The results show that tiie adcfition of th star polymer inproves the waterfastness of the 
printed inks. Ink #1 1 was signif rcantiy better than th control. 
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WSaterfastness (mOD) 


Sample 


Optical Density 


@1 Hour 


@ 24 Hours 


Controls 


0.7 


230 


210 


Ink 11 


0.47 


40 


10 


Ink 12 


0.66 


130 


50 


Ink 13 


0.72 


190 


180 



[0076] A similar test was performed to compare inks containing linear random polymer additives versus inks con- 
taining star polymer additives. The following data establishes that waterfastness is improved with star polymers versus 
linear polymer additives. This waterlastness test was performed 4 hours after printing. Wateriastness was rated on a 
scale of 0-5. A score of 0 indicates that there was no dripping or runoff from the water. A score of 2 or higher is not 
acceptat)le for commercial quality inks. 





Polymer Additive (wt %) 




Sample 


Linear 


Star 


WMrfastness 


Ink 16 


1 




0.5 


Ink 19 


1 




0.5 


Ink 22 


1 




4 


Ink 25 




1 


0.5 


Ink 28 




1 


0 


Ink 31 




1 


0 


Ink 17 


3 




0 


Ink 20 


3 




4 


Ink 23 


3 




4 


Ink 26 




3 


0 


Ink 29 




3 


1 


Ink 32 




3 


1 


Ink 18 


5 




0 


Ink 21 


5 




5 


Ink 24 


5 




5 


Ink 27 




5 


0 


Ink 30 




5 


3 


Ink 33 




5 


4 



[0077] Chioma: The following inks were printed using a Hewlett-Packard Desl^et 500C printer onto Gill^ert Bond 
paper (25% cotton. Mead Co., Dayton. Ohio). Chroma was measured with a Hunter Lab LS5100. Ill C. arxl a 0/45 
sourceAnew. The results show tfiat the addition of the star polymer increases the chroma of the printed ink in both the 
primary (cyan, yellow, and magerrta) as well as secondary (red, green, and t\ue) colors. 
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inK 


col r 


ChFonia 


aeita o 


Controls 


cyan 


39 




inK io 


cyan 


on 


0 


Control 4 


yellow 


80 




Ink 14 


yellow 


84 


4 


Controls 


magenta 


65 




inK 15 


magenta 


67 




Control set 3,4.5 


red 


59 




Ink set 13.14.15 


red 


64 


5 


Control set 3,4,5 


green 


43 




Inksel13.14.15 


green 


45 


2 


Control set 3,4,5 


blue 


51 




Ink set 13,14,15 


t}lue 


52 


1 



Claims 

25 

1 . An Ink jet ink comprising: 

a) an aqueous vehicle; 

b) a cok>rant; and 

30 c) a star polymer additive. 

2. The ink of Claim 1 wherein the star polymer ^itive comprises linear polymeric arms having a nfK>lecular weight 
range of 1.000 to 100.000. 

35 3. The ink of Claim 2 wherein the linear arms comprise nmnomers which have a C-C polymerizable group. 

4, The ink of Claim 3 wherein the monomers are selected from acrylates. melhacrylates. stryene. modified styrenes, 
alphamethyl styrene, nxxiif ied alpha methyl styrenes. dienes. and nrK>no-olefins. 

40 5. The ink of Qaim 2 wherein the linear arms contain functional groups which can solubllize or disperse the stars In 
the aqueous vehicle. 

6. The ink of Claim 5 wherein the functional groups are selected from cartx>xyls. sulfates, amines, quaterniary groups, 
poly-ethyteneoxides groups, polyisropyleneoxide groups, and their salts. 

45 

7. The ink of Claim 1 wherein the star polymer comprises a core selected from 

a) brarx;hed polymers derived from molecules that contain cBfunctional C=C polymerizable groups.; 

b) branched polymers derived from a combination of molecules that contain both mono arxl difunctional C=C 
50 polymerizable groups; arKi 

c) a condensation polymer. 

8. The ink of Qaim 1 wherein the star polymer additive is present in the anK>unt of 0.5 to 20% by weight, based on 
the total weight of the ink composition. 

55 

9. The ink of Claim 1 wherein the star polymer additive is pres nt in the amount of 1 to 12% by weight, based on the 
total weight of th ink composition. 
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10. The ink of claim 1 , wherein the colorant comprises a pigment and wherein the ink further comprises a polymeric 
dispersant 
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